Photodissociation rate of acetaldehyde to HCO + CH3 by Lee,Shiu-Huang
Photodissociation rate of acetaldehyde to HCO +CH3
ShihHuang Lee and I-'Chia Chen
Department of Chemistry, National Tsing Hua University
Hsinchu, Taiwan 30043, Republic of China
ABSTRACT
Acetaldehyde supersonically cooled was excited to the S1 state with a IN laser in the wavelength range of
300 - 319 nm. Fragment HCO was detected by 1aserinduced fluorescence at the transition of X O . The
appearance rate of HCO was detected by probing the QR (10) transition. The formation threshold of HCO is
determined to be 3 1 7.5 nm from the onset of the measured appearance rate. No vibrational promoting mode was
found to produce HCO. Emission decay curves of excited acetaldehyde were recorded in the same wavelength
region. The time constant of the slow component of acetaldehyde emission starts to decrease at an excitation
wavelength 3 17.5 nm near the formation threshold of HCO. The decay rate of this slow component is
approximately equal to the appearance rate of HCO at the same wavelength. Strong interaction between the S1
and T1 states in acetaldehyde is implied by these experimental results.
Keywords: acetaldehyde, formyl radical.
1. iNTRODUCTION
Dissociation of aldehydes has attracted much attention because of its importance in air pollution and in
atmospheric chemistry. Acetaldehyde is a molecule of moderate size. For the dynamics of photodissociation of
small molecules, many physical models were developed to explain these phenomena. It is important to extend
these physical models to larger molecules, such as acetaldehyde.
The transition of acetaldehyde to the S state is described as the type of nt*. Relaxation of the state can
proceed through both fluorescent emission and internal conversion to the S surface or via intersystem crossing to
T1, shown in Fig. 1. Speiser etal."2 observed a non-exponential decay in emission curves of excited acetaldehyde
in a gas cell. They suggested the presence of reversible intersystem crossing in the fluorescent decay in the
pressure range of 25 - 400 mTorr at an excitation wavelength 320 nrn. The rapid and slow components
correspond to mixed excited states of acetaldehyde. Noble and Lee35 used supersonic cooling technique to
measured emission of rovibronic states of S with little rotational excitation. Their emission curves display a
single exponential decay. The fitted lifetime generally decreases as the excitation energy increases, and varied
from 98 to 220 ns from wavelengths 320 to 336 nm. Lifetimes of measured states show a small dependence on
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rotational quantum number within the same vibrational states and the range of these rotational states is less than
25 ns. In contrast to the conclusion from Speiser et a!., Noble and Lee concluded that this emission was
fluorescence from the S state because of lack of singlet-triplet interaction observed in the decay curve. The rapid
components observed by Speiser et 12 arise because levels with high rotational excitation were excited and
because such states might have a short lifetime. Baba and Ohta6 measured fluorescent quantum yields and decay
of emission from acetaldehyde in a gas cell at varied pressure in the wavelength region of 270-340 nm; they
suggested the existence of a strong interaction between S1 and T1 in contrast to results of Noble and Lee. The
reason for decreased lifetimes observed by Baba and Ohta at higher energy is the switching of dissociation
channels. According to results of quantum-chemical calculations7'8 the product channel CO + CH4 is correlated to
the S0 state whereas the '1 state is correlated to products HCO + CH.3 in agreement with previous experimental
results.9'10
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FIG. 1. Schematic diagram of potential-energy surfaces of low-lying electronic states of acetaldehyde and their correlation
to products HCO +CH3.
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In this work, we photolyzed supersonically cooled acetaldehyde in the wavelength range of 3 12 - 319 run.
The fragment HCO was detected by laser-induced fluorescence (LIF) method in the B-X transition. The rise
curves of HCO LIF intensity and emission decay curves of excited acetaldehyde were measured to study the
dissociation dynamics.
2. EXPERIMENT
Acetaldehyde cooled in a supersonic jet was photolyzed with a tunable UV laser to form HCO and CH.
HCO was detected using LIF in - O transitions. Acetaldehyde was prepared with vacuum distillation and
Ar gas was added to make a 15 % mixture (CH3CHO/Ar). The pulsed valve (General Valves, 0.8 mm orifice)
operated at 10 Hz, at a stagnation pressure about 1000 Ton, was mounted above the vacuum chamber to produce
the supersonic molecular jet. A dye laser (Continuum Model ND62) with dual gratings (2400 grooves/mm), was
pumped with a Nd:YAG laser (Continuum NY41C) and the output (0.15 cm linewidth) after frequency
doubling in a KDP crystal (InRad KDP-C) was used to photolyze acetaldehyde. The output of the dye laser
(DCM special dye) was 50-60 mJ/pulse. The UV laser beam with a diameter of 5 mm, resolution of 0. 14 cm1
and energy of 56 mJ/pulse intersected the molecular jet 2.0 cm downstream from the pulsed valve. Another
Nd:YAGpumped dye laser (Lambda Physics LPD3OO2) was used to generate 152O mJ/pulse near wavelength
516 run (LC 5010 dye). The beam size was 8 mm2; the frequency was doubled in a BBO crystal to give a UV
beam of energy 1 .5-2 mi/pulse at resolution of 0.3 cm1 to excite HCO to the state.
The vertically polarized photolysis and probe laser beams were counter-propagating and orthogonal to the
molecular jet. The total fluorescence of HCO was detected with a photomultiplier (EMI 9829QB) mounted at
right angles to the jet and laser beams. WG335 (Schott) and interference (Corion, 334 10 nm) filters were used
to diminish the scattered light and emission from acetaldehyde. During acquisition of the acetaldehyde decay
curves, only the photolysis laser beam and cutoff filters were used. The appearance rates of fragment HCO were
recorded on fixing the probe beam wavelength on the R0(10) transition (because of little overlap) or at a
bandhead region. Each recorded curve was summed over two scans and for each scan 20 shots were averaged for
each data point. The emission curves of acetaldehyde at various excitation wavelength were recorded with a
digital oscilloscope (LeCroy 9450) to average for 1000 laser shots, then the averaged curves were transmitted to a
computer for data analysis.
3. RESULTS AND DISCUSSION
The transition of R0(10) was used to monitor the quantity of HCO formed as a function of delay time
between the photolysis and probe laser pulses in the photolysis wavelength range of 3 12- 319 nm. Fig. 2 shows
the experimental rise curve of HCO LIF intensity after photolysis of acetaldehyde and the fitted rise time constant
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FIG. 2. Experimental rise curve ofHCO LIF intensity after photolysis of acetaldehyde as a function of delay time between
photolysis and probe laser pulses. The zero of abscissa is set arbitrarily and is not equal to zero delay between
laser pulses. The photolysis wavelength is 3 17.4 nm, the monitored transition is R0(1O),1fld the fitted rise time
constant is 102 ns.
r is 102 ns. The photolysis wavelength was 317.4 nm. No deviation of the rise curves was observed on
monitoring the R0(1O) transition and the bandhead ofR0. The pulsewidth of laser pulses is approximately 7 ns.
When the rise time constant of HCO LIF intensity was less than 30 ns the curves were deconvoluted from
overlapping temporal pulsewidths of two laser pulses. Fig. 3 shows the fitted appearance rate constant (k =1/'r)
of HCO varied as photolysis wavelength. Three features with enhanced dissociation rate are shown at 316.6,
315.6 and 315 nm. No absorption of acetaldehyde can be assigned at these positions. In the photofragment
excitation (PHOFEX) spectra, we monitored the formation yield of HCO from acetaldehyde dissociation as a
function of photolysis wavelength; no maximum in the curve of HCO formation yield according to these
wavelength positions was observed.
Fig. 4 displays the emission curve of acetaldehyde excited at 318.4 nm, below the dissociation threshold to
HCO + CH3. The fitted time constants are 15 ns and 108 ns for the rapid and slow components of decay,
respectively. The time constant of the slow component from this work measured at a shorter wavelength is larger
than the value 98 ns at 31232 cm' (320.2 nm) found by Noble and Lee. This variation may reflect the different
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FIG. 3. Appearance rate constant ofHCO from acetaldehyde after photolysis plotted as a function ofphotolysis wavelength.
rovibrational states. Our experimental data show that all emission curves of acetaldehyde in our wavelength range
display biexponential behavior in agreement with the results of Baba and Ohta6 but in contrast to those of Noble
and Lee.35 For excitation above the dissociation threshold, a decreased amplitude of the slow component was
observed. The decay time constant decreased with decreasing excitation wavelength. Comparison with the
corresponding appearance rate constants of HCO at the same wavelength shows that the decay rate of
acetaldehyde matches the rise rate of HCO. The S1 state of acetaldehyde is not a directly dissociative state in the
wavelength range of 312-319 nm. Dissociation to CO and CH4 is possible from the S0 surface. As the
thermodynamic energy of formation of CH4 and CO corresponds an energy below the origin of the S1 state,
excitation to the S1 state can lead to internal conversion to form CH4 + CO. but these products were not
formed.9"° Our experimental data indicate that the formation of HCO should be correlated with excited states
that have longer lifetimes observed by Speiser et al."2 and Baba and Ohta.6 According to previous experimental
and theoretical results, these excited states have mostly triplet character. The interaction between the S1 and
states is expected to be strong. Baba and Ohta6 measured the emission of excited acetaldehyde and estimated the
intersystem crossing rate to be 3 x 108 s_i at wavelength 315 nm, increased to 5 x 10 s1 at 310 nm. We measured
the appearance rate constant to be 1.2 x i08 s at 315 nm and 2x 108 s_i at 313 rim. That our measured
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FIG. 4. Experimental emission decay and fitted curves ofacetaldehyde excited at wavelength 3 18.4 nm.
dissociation rates approach the intersystem crossing rate indicates that at a short excitation wavelength the process
ofintersystem crossing may become the rate4imiting step to dissociation.
Appearance curves of HCO in the LIF intensity show a single exponential function; the fitted rate constant
plotted vs. excitation energy shows that the rise time decreases as the excitation wavelength decreases. There are
three features indicated by arrows at 316.6, 315.6 and 315.0 nm shown in Fig. 3. The same phenomenon was
observed for the decay rates of acetaldehyde at those positions. We did not observe the same enhanced rate at an
energy below the dissociation threshold. Vibrational frequencies of transition states of ketene and NO2 have been
observed by Kim et a!." and Ionov et al.'2 respectively. Hence, we assign these three features correspond to the
vibrational levels of the transition state. The spacings between these features are 100 and 60 cm1 . These features
at 316.6, 315.6 and 315.0 nm are assigned to the first and second vibrational levels of v14 and first vibrational
level of v13, respectively according to comparison with results from ab initlo calculation.8 The fitted vibrational
frequencies for v14 and v13 modes are 90400 and 250 cm1, respectively close to the ab initio values 87 and
249 cm1, separately.8 With these assignments, the formation threshold of HCO + CH is determined to be 317.5
nm.
In summary, the emission of acetaldehyde display a biexponential behavior; the fitted time constant of the
slow component decreases when the process of dissociation to form HCO + CH3 is accessible. The height of the
dissociation barrier is determined to be 317.5 mm
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